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0 lonlcally crossllnked glycosaminoglycan gels for soft tissue augmentation and drug delivery. 



® The present invention pertains to the use of glycosaminoglycans. chemically derivatized 
glycosaminoglycans, and optionally, chemically derivatized collagens to form ii^ically crosslinked gels useful in 
mammal soft tissue augmentation and in drug delivery systems. The derivatized glycosaminoglycans can be 
used to form an lonlcally homogeneous gel comprising one or more species of glycosaminoglycan derivative or 
can be used to form an ionically crosslinked heterogeneous gel comprising one or more negatively charged 
species of glycosaminoglycan or collagen derivative in combination with one or more positively charged species 
of glycosaminoglycan derivative or collagen derivativs. 

The ionically crosslinked homogeneous or ionically crosslinked heterogeneous gels are produced from liquid 
solutions which upon adjusting pH in situ form a gel. 
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Reid of the Invention 

This invention relates generally to biocompatible, ionically crosslinked gels which comprise one or more 
species of glycosaminoglycans and/or derivatives of glycosaminoglycans: 1) ionically homogeneous gels 
containing one or more similarly charged species of glycosaminoglycan derivative, or 2) ionically heteroge- 
neous gels containing two or more oppositely charged species of glycosaminogh^cans, glycosaminoglycan 
derivatives, and/or collagen derivatives. The ionically crosslinked gels are useful in a number of medical 
applications, particularly as injectable composifions for soft tissue augmentation or drug delivery. 

Background of the invention 

A variety of different glycosaminoglycans are known. Examples of such include ttie chondroitin sulfates, 
keratan sutfete. keratosuKate. heparin, chitin. and hyaluronic acid. Compositions of these 
glycosaminoglycans are known to be useful in connection with the augmentation of soft tissue. Hyaluronic 
acid in particular has been used in various compositions for use in soil tissue augmentation. One example 
of such is disclosed by Balazs et al.. Matrix Engineering, Blood Coagulations and Fibrinolysis, Volume 2. 
pages 173-178. 1991, which discloses chemical modifications of hyaluronic acid, such as preparing 
hyaluronic add gels by forming sulphonyl-bis-ettiyl aosslinks between hydroxyl groups of tiie polysaccha- 
ride chains. Information regarding how hyaluronic acid and its derivatives Interact witiiin a biological system 
are also known, as disclosed by Balazs et al.. Clinical Uses of Hyaluronin. Ciba Foundation Symposium 
143, a Wiley-lnterscience publication (1989) and by Dolllon et al.. Fibroblast Qrowtti on a Porous Sponge 
Containing Hyaluronic Acid and Fibronectin. BioMaterials 8:195-200(1987). 

Various biocompatible viscoelastic gel slurries are disclosed witiiin European patent application number 
91303608.7, published January 15, 1992. which refers to various types of crosslinked pohfsaccharides 
useful In soil tissue augmentation. 

U.S. patent 4,378,017. issued March 29. 1983 to Kasugi et al., disctoses combining fibrous nonsoluble 
collagen witti deacetylated chitin to fomn an insoluble material. 

U.S. patent 4,448,718, issued May 15, 1984 to Yannas et al.. discloses combining collagen witii 
glycosaminoglycan and glutaraldehyde to form a crosslinked composite material. 

U.S. patent 4,451.397. Issued May 29. 1984 to Hue et al.. (fiscloses mixing ground collagenous material, 
containing native crosslinked collagen in gel form, with glycosaminoglycan to form a gel. 

Hyaluronic add has been speclficaliy examined and discussed in a series of U.S. patents. For example. 
U.S. patent 4.582.865, issued April 15. 1986. to Balazs et al., discloses crosslinking gels of hyaluronic acid 
which may be comt)ined with hydrophilic polymers. The basic chemistry behind the gels formed indicates 
ttiat ttie hyaluronic add is reacted witti divinyl sulfone to form a crosslinked gel. U.S. patent 5.017,229, 
Issued May 21, 1991, to Bums et al.. discloses different types of water-soluble gels fonr^ed with hyaluronic 
acid. Bums et al. teach reacting hyaluronic acid witii one or more activating agents such as 1-(3- 
dlmett)ylaminopropinyl)-3-ethyl-carbodiimlde(EDC). 

U.S. patent 4.937.270, issued June 26, 1990. to HamiKon et al., also discloses activating hyaluronic acid 
with an activating agent and thereafter reacting ttie activated hyaluronic acid with a nucleophile in order to 
fonm a water-Insoluble biocompatible gel. 

U.S. patent 5.099.013. issued March 24. 1992. to Balazs et al.. disdoses yet another hyaluronic acid 
containing composition. In accordance with ttiis disclosure, aldehyde crosslinking groups are used to 
covalently bind hyaluronic acid chains to each other. In a related U.S. patent to Balazs et al.. i.e.. U.S. 
patent 5.128,326, issued July 7. 1992. the hyaluronic acid is copolymerized witti another hydrophilic 
polymer using a crosslinking agent in the fonm of divinyl sulphone. 

U.S. patent 5.137,875. issued August 11, 1992 to Tsunenaga et al.. discloses combining nonporous 
particulate collagen with hyaluronic acid. 

U.S. patent 5.166.187. issued November 24. 1992 to Cdlombel et al.. disdoses collagen that is not 
ionically modified used in combination with chitosan and a glycosaminoglycan to form an ionic gel. 

European patent application number 86303391.6 disdoses combining chitosan with collagen. 

U.S. patent 5202.431. issued April 13. 1993. discloses esters of hyaluronic acid wherein a portion of the 
carboxylic groups on the hyaluronic acid are esterified in order to fomn gels which are indicated as being 
useful for sdl tissue augmentation. 



Summary of the Invention 

in accordance with the present invention, biocompatible gels useful in a variety of medical applications 
are formed as a result of ionic interactions between positive and negative charges on molecules having a 
6 net neutral charge 0ontcally homogeneous gels), or between a molecule having a net positive charge and 
one having a net negative charge Oonically heterogeneous gels). The ionically homogeneous gels may 
contain orte or nme species of glycosaminoglycan derivotive. The ionically heterogeneous gels must 
contain at least two species selected from glycosaminoglycans, gtycosamlnoglycan derivatives, and/or 
collagen derivatives. 

10 To form ttie ionically homogeneous gels of the present invention, glycosaminoglycans are derivatized 
by deacetyiation (removal of the -COCHa group) or desutfation (removal of the -SOa group) to provide free 
amino groups, resulting in glycosaminoglycan derivatives t^hich have a net positive charge at acidic pH 
(below 6). a net negative charge at basic pH (above 9). and a net neutral charge at neutral pH (above 6 and 
below 9). However, witiiin the substantially neuti^ molecule, there are charged groups which are attracted 

rs to oppositely charged groups within the same molecule and on other molecules. These ionic Interactions 
within and between molecules cause the formation of a gel at or around neutral pH. Thus, the 
glycosaminoglycan derivative can be maintained in a liquid state for storage above pH 9. for example: the 
addition of a small amount of acid (to provide a neutral pH) will cause the formation of the ionically 
homogeneous gel of tiie invention. Generally, the pH of ttie composition will be adjusted to within the range 

20 of 6 - 8.5 just prior to administration to human or animal tissue, to avoid tissue damage that may occur at 
more extreme pH levels. The composition will subsequently form a gel in situ as ttie glycosaminoglycan 
derivative reaches physiological pH. Glycosaminoglycans which can t>e derivatized by either deacetyiation. 
desulfation. or both to fonn species having a net neutral charge include hyaluronic acid, the chondroltin 
sulfates, chitin. heparin, and combinations thereof. 

25 To form the ionically heterogeneous gels of tiie invention, glycosaminoglycans, glycosaminoglycan 
derivatives, and/or collagen derivatives which are positively or negatively charged at neutral pH are reacted 
with molecules having the opposite charge, resulting in the foTmation of an Ionically crosslinked gel having a 
net neutral charge. Glycosaminoglycans such as hyaluronic acid, chondroitin sulfate A, chondrc^tin sulfate 
C. and keratan sulfate can be derivatized by esterification, then further derivatized by deacetyiation and/or 

30 desulfation. to have a net positive charge. Positively charged glycosaminoglycan derivatives, such as 
chitosan or esterified deacetylated hyaluronic acid, can be combined with negatively ch.arged non- 
derivatized glysoaminogtycans. such as sodium hyaluronate and/or sodium chondroitin sulfate, to form the 
ionically heterogeneous gels of ttte Invention. Positively charged glycosaminoglycan derivatives and 
negatively charged nonderivatized glycosaminoglycans can be combined with succinylated collagen (net 

38 negative charge) or methylated collagen (net positive charge), respectively, to form gels. The combination 
of appropriate amounts of negatively charged and positively charged compounds results in fonmation of a 
gel having a net neutral charge at neutral pH. The oppositely charged species can be stored separately, 
and then combined just prior to administration to result in situ gel formation. 

An important feature of ttie invention is that the glycosaminoglycans, glycosaminoglycan derivatives. 

40 and collagen derivatives are biocompatible and have low tmmunogenidty, and are ttierefore suitable for use 
in a variety of medical applications, particularly soil tissue augirientation and delivery of tiierapeutic agents. 

Anottier feature of tfie present invention is that the glycosaminoglycans and glycosaminoglycan 
derivatives crosslink with each other to fonm a firm gel without the need for additional crosslinking agents. 
An additional feature is that other charged compounds, such as certain collagen derivatives, can be 

45 incorporated into the glycosaminoglycan gels to produce compositions having a variety of physical and 
chemical characteristics. 

An advantage of the present invention is that the glycosaminoglycan derivatives can be stored at a pH 
at)ove 9 or below 6, at which pH ttie glycosaminoglycan derivatives are in ionic form (net positive or net 
negative charge) and therefore have a low viscosity. The pH of the ionically homogeneous gels can be 
so adjusted to neutral, or ttie charged species of the ionically heterogeneous gels can be combined, just prior 
to administration so that the compositions are still readily injectable into soil tissue, where ttiey will form 
gels shortiy (generally wittiin a few minutes) after administration. 

These and ottier features of the present invention will become apparent to those persons skilled in the 
art upon reading ttie details of the structure, synttiesis, and usage of the glycosaminoglycan derivatives 
55 disclosed and described betow. 
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Detailed Description of Preferred Embodiments of the Invention 

It must be noted that as used in this specification and the appended claims, the singular forms *a'. 
**an". and "the" indude pluraJ referents, unless the context clearly dictates otttenvise. Thus, fbr example. 
5 reference to "a hyaluronic acid" includes one or more conjugates, reference to "an implant" inductos one or 
more different types of Implants known to those skilled in the art and reference to "the metiiod* includes 
differem types of mettiods of the same general type and so forth. 

Unless defined otherwise, ail technical and scientific terms used herein have ttie same meaning as 
commonly understood by one of ordinary skill in the art to which this Invention belongs. Although any 
10 methods and materials similar or equivalent to those described herein may be useful in the practice or 
testing of the present invention, only the preferred mettiods and materials are described below; it is not 
intended tiiat ttie invention be limited to these preferred embodiments, however. The invention is intended 
to have the scope defined by the attached claims. 

All publications mentioned herein are incorporated herein by reference. Specific terminology of 
T5 particular importance to ttie description of the present invention is defined betow. 

Definitions 

The term "glycosamlnoglycan" is interxJed to encompass complex polysaccharides (which are not 
20 biologically active, i.e., not compounds such as iigands or proteins) having repeating units of either the 
same saccharide subunit or two different saccharide subunlts. Some examples of glycosaminoglycans 
include dennatan sulfate, hyaluronic acid, the chondroitin sulfates, chitin. keratan sulfate, keretosulfate. 
heparin, and derivatives ttiereof. In general, the glycosaminoglycans are extracted from a natural source, 
purified and derivatized. However, they may be synthetically produced or synttiesized tyy modified 
25 microorganisms such as bacteria. 

The term "hyaluronic add" Is intended to encompass naturally occuning and synthetic forms of the 
polymer-(C8Hi3O4h0n»(C«HaO5)nO-(n«1 to n =5.000). and derivatives thereof. Particulariy preferred deriva- 
tives include those having functionalized moieties which allow chemical reaction witii another molecule to 
form a covalent bond, such as deacetylated hyaluronic add. Hyaluronic add includes alternating units of 
30 1 ,4-iink6d N-acetyglucosamine and glucuronic add units as shown bekiw. 

Hyaluronic acid is a viscous, high molecular weight mucopolysaccharide found in mammalian body 
fluids and connective tissue. The formula for hyaluronic add is shown below: 

Hyaluronic Acid 

as 



40 



45 




50 

Alternating units of 1.4-linked 

N-acetylglucosamine and glucuronic acid 
wherein n ranges from 1 to about 5.000. 

The tenn "chondroitin sulfate" as used herein is meant to encompass three major compounds: 
55 chondroitin sulfate A, dermatan sulfate (also known as chondroitin sulfate B, which is an isomer of 
chondroitin sulfate A), and chondrdtin sulfate C. The structures of these three compounds are shown below: 
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ChondfDittn Sultete A 



! coo- 


-Q|S CHjOH 










r j OH H 





10 



IS 



NHCOCHj 



ftopMting unh of chondroitin tutfatt A 



20 



wherein n ranges from about 10 to about 300; 
Chondroitin Sulfate C 



25 



30 



38 




N NHCOCHj 
ItopMllna Mk or chondroitin mKm C 



40 wherein n ranges from aboiA 20 to about 200; 
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Dermatan Sulfate 



TO 



15 




MHCOCHi 



ItopMtinB unh of ctermaun sutfm 
fchondioltifi tutfra B) 



20 wherein n ranges from about 10 to about 300. 

The term "chitin" is intended to encompass polymers comprising repeating units of N-acetyl- 
glucosamine. The structure of chitin is shown below: 



Chitin 



25 



30 



05 



40 



CH2OH 




H NH-CO-CH3 H NH-CO-CHa 

N*AoetvialucoumiM N-AMtylolueoMmiM 



wherein n ranges from about 500 to about 2,000. 

The term "chitosans' refers to lx)th partially and fully deacetylated chitins. The term "chitosan 1 " refers 
45 to partially deacetylated chitin, as shown below: 



50 



55 
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Chitosan 1 



10 



IS 



CH2OH 



CH2OH 




H . NH-CO-CHj H 
FartteRy ducctyfatsd ehitin 



NH 



3 



♦1 



20 wherein n ranges from about 500 to about 2,000. 

The term "chitosan 2" refers to fully deacetylated chHin. as shown below: 

Chitosan 2 



25 



30 



36 




H NHa 
FyRy dMOMyted chMn 



40 



45 



60 



wherein n ranges from about 500 to about 2.000. 

The term "keratan sulfate" refers to polymers having the repeating structure shown below: 



55 
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Keratan Sulfate 




ssCCH, 



oTterttan Mtfttt 



wherein n ranges from about 10 to about 100. 

The term "keratosulfate" refers to a polymer that is an Isomer of keratan sulfate, having the repeating 
structure shown below: 

Keratosulfate 




>H H 
fUpMting imh of karBtDSuKtfta 



wherein n ranges from about 10 to about 100. 

The term "heparin" refers to polymers comprising alternating units of sulfated glucosamine and sulfated 
glucuronic acid, as shown below. 
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Heparin 



10 



IS 




20 



25 



30 



40 



45 



50 



55 



wherein n ranges from about 2 to about 3,000. 

The term "collagen" is used in its conventional sense to describe a material which is the major protein 
component of ttw extracellular matter of bone, cartilage, skin, and connective tissue In animals and 
derivatives. Collagen in its native form is typically a rigid, rod-shaped molecule approximately 300 nm long 
and 1 .5 nm in diameter. It is composed of three collagen polypeptides which form a tight triple helix. The 
collagen polypeptides are characterized by a long midsection having the repeating sequence -GtyX-Y*. 
where X and Y are often proline or hydroxyproiine, bounded at each end by the "telopeptide" regions, 
which constitute less tiian about 5% of the molecule. The telopeptide regions of the collagen chains are 
typically responsible for the crosslinking t>etween chains, and for immunogenidty of the protein. Collagen 
occurs in several "types", ftaving differing physical properties. The most abundant types are Types 1-llt. 
The term "collagen" as used herein includes these and other known types of collagen Including natural 
collagen and collagen which Is processed or modified, i.e.. various collagen derivatives. Collagen is typically 
isolated from natural sources, such as bovine hide, cartilage, or bones. Bones are usually dried, defatted, 
crushed, and demlneralized to extract collagen, while hide and cartilage are usually minced and digested 
with proteolytic enzymes (other than collagenase). As collagen is resistant to most proteolytic enzymes, this 
procedure conveniently serves to remove most of the contaminating protein found with collagen. 

The term "succinylated collagen" refers to collagen that has been chemically derivatized by the 
addition of succinic anhydride. A method for preparing succinylated collagen Is disclosed In U.S. Patent 
4.164.559. Succinylated collagen has a net negative charge. 

The term "methylated collagen" refers to collagen that has been chemically derivatized by the addition 
of methanol. A method for preparing methylated collagen is also disclosed in U.S. Patent 4,164.559. 
Methylated collagen has a net positive charge. 

The terms "treat" and "treatment" as used herein refer to augmentation, repair, prevention, or 
alleviation of defects, particularly defects due to loss or absence of tissue. Additionally, "treat" and 
"treatment" also refer to the prevention, maintenance, or alleviation of disorders or disease using a 
biologically active protein. 

The terms "cytokine" and "growth factor" are used to describe biologically active molecules and active 
peptides (which may be either naturally occurring or synthetic) which aid in healing or regrowth of normal 
tissue. The function of cytokines and growth factors is twofold: 1) they can incite local cells to produce new 
collagen or tissue, or 2) they can attract cells to the site in need of correction. As such, cytokines serve to 
encourage "biological anchoring" of the implant within the host tissue. As previously described, the 
cytokines and growth factors can t>e admixed witt) the glycosaminoglycan gel. For example, one may 
Incorporate cytokines such as interferons (IFN). tumor necrosis factors (TNF). interieuktns, colony stimulat- 
ing factors (CSFs), or growth factors such as osteogenic factor extract (OFE), epidermal growth factor 
(EGF), transfonming growtt) factor (VGf) alpha, TGF-^ (including any combination of TGF-^s), TGF-/S1, 
TGF-^2. platelet derived growtti factor (PDGF-AA, PDGF-AB, PDGF-BB). addic fibroblast growth factor 
(FGF). basic FGF. connective tissue activating peptides (CTAP). /9-thromboglobulin. insultn-IIke growth 
factors, erythropoietin (EPO), nerve growth factor (NGF), bone morphogentc protein (BMP), osteogenic 
factors, and the like. Incorporation of cytokines, growth factors, and appropriate combinations of cytokines 
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and growth factors can facilitate the regrowth and remodeling of the implant Into nomnal tissue. 

The term "phannaceutically active compound* or "pharmaceuticaily active drug" are used interchange- 
ably herein. The terms refer to drugs or medcines which are conventionally given to patients in order to 
create a desired phamiacological effect. Such "compounds" or "drugs" include those which are listed and 
5 described within the latest edition of the Physicians Desk Reference. 

The terni "chemotherapeutic agents" refers to alkylating agents such as, but not limited to. nitrogen 
mustards, ethylenimine derivath/es. alkyi sulfonates, nitrosoureas. chloramtHidl (Leukeran). busulfan. strep- 
tozotocin; anttmetabontes such as folic add anatogs (methotrexate), pyrfmkjine anakigs (fluorouradi, 
cytarabine. azaribine), purine analogs (mercaptopurine. thioguanine): natural products such as vinca alka- 
70 loids (vinblastine); and antibiotics such as dactinomycin (actinomycin D), daunarubidn. doxorubidn (ad- 
riamydn). and bleomycin. 

The tern "effecth^e amount" refers to the amount of composition required in order to obtain the effect 
desired. Thus, a "tissue growth-promoting amount* of a composition containing a cytokine or growth factor 
refers to the amount of cytokine or growth factor needed in order to stimulate tissue growth to a detectable 
IS degree. Tissue, in this context, inductes connective tissue, bone, cartilage. epWermis and dermis, blood, 
and other tissues. The actual amount which is determined to be an effective amount will vary depending on 
factors such as the size, condition, sex. and age of the patient and can be more readily determined by the 
caregiver. 

The term "suffident amount" as used herein is applied to the amount of carrier used in combination 
20 with the hyaluronic add formulations of the invention. A suffident amount of phannaceutically acceptable 
canier is that amount which, when mixed witti ttie hyaluronic acid formulation, renders it in the physical 
form desired, for example, compositions which can be formed into injectable solutions. The amount of the 
carrier can be varied and adjusted depending on ttie particular hyaluronic acid formulation used and the end 
result desired. Such adjustments wilt be apparent to tiiose skilled in the art upon reading tills disdosure. 
25 The term "/n situ' as used herein means "at the site of administration." In accordance with the present 
invention, ttie hyaluronic acid is subjected to deacetylation. The deacetylated hyaluronic acid is placed in 
formulation at a pH where ttie deacetylated hyaluronic acid will not react witti Itself or "crosslink." However, 
prior to use, the pH is raised or decreased as needed to a level where crosslinking will occur. Thereafter, in 
a relatively short period of time, the formulation is Injected. The injection is to take place prior to 
30 crosslinking (or at least prior to substantial crosslinking resulting in gel formation), so tiiat the material can 
be easily and smoothly Injected beneath the skin for soft tissue augmentation. Once the Injected formulation 
is in place, crosslinking will proceed "in situ' and ttie composition will form a firm gel for soft tissue 
augntentation. 

35 General Metfiod 

To produce the lonlcally crosslinked glycosamlnoglycan gels of the invention. It Is first necessary to 
obtain one or more species of glycosaminoglycan in purified form. As chemical synttiesis is not generally 
economically efficient, the glycosaminoglycans are generally extracted from animal tissue or bacteria. For 

40 example, one method of extracting and recovering a purified fbrm of hyaluronic add on a commercial scale 
Is disclosed within U.S. patent 4,141,973, which is incorporated herein by reference. This method makes It 
possible to obtain ultra-pure hyaluronic acid having a protein content less ttian 0.5% by weight and a 
molecular weight of more than 1,200,000 by extracting the hyaluronic acid from rooster combs or human 
umbilical cords. Hyaluronic acid obtained by this methodology is marketed and is commercially available 

45 under the trademark HEALON®. available from Pharmacia. Inc. (Piscataway. NJ). Glycosaminaglycans such 
as tiie chondroitin sulfates, keratan sulfate, keratosulfate. chitin, chitosan, and heparin can he obained from 
Sigma Chemical Co. (St. Louis, MO). 

The ionicaliy crosslinked glycosaminoglycan gels of the present Invention are. preferably, used for soft 
tissue augmentation or for delivery of various ttierapeutic agents such as growtii factors, cytokines. 

50 biologies, and chemottierapeutic agents. The glycosaminoglycans must he obtained in a relatively pure 
fonn or a form which can be readily sterilized before being subjected to the methodology of the present 
Invention. Afthough it is possible to carry out a certain degree of sterilization of a gel after formation. It is 
preferable to have the starting material steriFized and purified prior to gel formation to ttie extent ttiat the 
starting materials are pharmaceuticaily pure. i.e., they do not contain t)acterial contaminants and do not 

55 contain significant amounts of other materials which would affect ti^e pharmaceutical properties of ttte gel 
compositions. Spedfically. It Is desirable to remove any substances which would create an Immune 
reaction, as immune reactions are undesirable for compositions used in soft tissue augmentation. 
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DeacetylaBon of Glycosamlnoqlycans to Provide Free Amino Groups 

To form certain of the ionically crosslinked gtycosaminoglycan gels of the invention, particularly the 
ionically homogeneous gels, it is first necessary to chemically derfvatize the glycosaminogtycan. 
6 Gtycosaminoglycans having a -NHCOCH3 group, such as hyaluronic add. the chondroitin sulfates, chitin. 
keratan sulfate, and keratosulfate, can be deacetylated (removal of the -COCH3 group) by the addition of a 
strong base such as sodium hydroxide to provide free amino (-NH2) groups. Deacetylation of hyaluronic 
acid is shown in Reaction Scheme 1. 

10 Deacetylation of Hyaluronic Acid 



rs 



20 



25 



30 




OMoetyittion by basic 
liVdrolysiswithNaOH 



40 




45 Reaction Scheme 1 

Deacetylated gtycosaminoglycans exist in different ionic forms depending on the pH of the surrounding 
environment, that is. whether the deacetylated glycosaminogtycan is present in a basic, acidic, or neutral 
solution. The three ionic forms of deacetylated hyaluronic acid are shown below: 

50 



55 
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DeacotytetBd Hyaluronic Add at Basic pH (pH > fl) 



10 



IS 




Deacetylatad Hyaluronic Acid at Addic pH (pH < 6) 



20 



25 



00 




36 Deacetylatad Hyaluronic Acid at Neutral pH 
(6 < pH < 9; preferably, pH ■ 7^ ± 0.5} 



40 



45 



50 




Although neutral pH, as indicated above, falls in the range of 6 to 9, the preferred pH range for the 
ionically crossGnked gels of the present invention is at physiological pH: (6-8^) and most preferably about 
55 7.2 z 0.5. As shown above, when deacetylated hyaluronic add is at basic pH, the carboxyl group (-COOH) 
is deprotonated to -COO*: at addic pH, the amino group (-NH2) Is protonatad to -NHa^. However, when 
deacetylated hyaluronh: add is maintained at a relatively neutral pH. both situations are in effect within the 
same molecule: the cartxixyt group is deprotonated and the amino group is protonated. Although the 
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molecule has a net neutral charge at neutral pH, positive and negative charges within mcriecules allow for 
significant ionic interaction between chains (and within the same chain for long-chain polymers), providing 
ionic crosslinldng and resulting in the formation of a relatively fim, ionically homogeneous gel. 

Deacetylation of chondroitin sulfate C. shown In Reaction Scheme 2, is accomplished in a stmiiar 
5 manner to that described for hyaluronic add. 

Deacetylation of Chondroitin Sulfate C 




25 



30 



Oe«ettyi0tlonby« 
ftrong bast. 9.0^ 
NiOH 



Descetylated Chondroitin Sulfate C 



40 



45 




50 Reaction Scheme 2 



55 



Deacetylation of chondroitin sulfate A. dermatan sulfate, keratan sulfate, and keratosuHate is effected in 
a similar manner to that shown at>ove for hyaluronic acid and chondroitin sulfate C. 

Chitin can be partially deacetylated to form chitosan 1 (one free amino group) or fully deacetylated to 
form chitosan 2 (two free amino groups), as shown in Reaction Scheme 3. The degree of deacetylation can 
be controlled by adjusting the relative amount of base reacted with the chitin. 
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Partial Deacetylation of ChMn wHh NaOH to Yield Chitosan 1 



CHITIN 



CH2OH 



CHjOH 




H NH-CO-CH3 
N-AMtylolueoMmiiM 



H NH-CO-CHa 
N<Aatylelueo«amirw 



Oasoatytetion bv basic 
hydrolysis with NaOH 



CHITOSAN 
CH2OH CHjOH 




H NH-CO^H, H 

Partially daaeatytatad chkin 



or 
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Full Deacatylatlon of ChMn wHh NaOH to Yield Chitosan 2 



CHTTOSAN 2 



TO 



TS 




Fully dMOttytottd chKin 



Reaction Scheme 3 

25 As shown above, each disaccharide of chitosan 1 has a +1 charge at pH 7; chitosan 2 has a +2 
charge. Etther of these species could be combined with an appropriate amount of a negatively charged 
nonderivatized glycosaminoglycan or collagen derivative to form an ionicaliy heterogeneous gel of the 
invention. 

30 Desulfation of Glycosamlnoglycans to Provide Active Amino Groups 

Qlycosaminoglycans having a sulfate (-SOs) group, such as heparin, the chondroitin sulfates, keratan 
sulfate, and keratosulfate, can be desulfated by the addition of a strong base such as sodium hydroxide to 
provide free amino group (-NH2). or ionicaliy neutral groups such as hydroxyl (-0H) groups. Desulfation of 
36 heparin is shown in Reaction Scheme 4. 
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DesuHation of Heparin 



HEPARIN 



CHjOSO; 



COO" 




NH.SO3 H OSOj* 

Suftated glucosamine Sulfated glucuronic acid 



Desufffation by basic 
hydrolysis with NaOH 



CH2OH 




Desuttated Heparin 
Reaction Scheme 4 

Because it contains both free amino and free cartx)xyl groups. desuKated heparin exists in similar ionic 
forms as deacetytated hyaluronic add, as shown below. 
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Desutfated Heparin at Basic pH (pH > 9) 



CH^OH 



TO 



rs 




Desulfated Heparin at Add!c pH (pH < 4) 



20 



30 



CHjOH 




35 



Desulfated Heparin at Neutral pH 

(6 < pH < 9. preferably, pH « 7^ a O.S) 



40 



45 



90 



CHjOH 




Approaching neutral pH, k>oth positive and negative charges exist within the desulfated heparin 
55 molecule, resulting in a net neutral charge fbr the molecule as a whole. Ionic Interactions within and , 
t)etween nK)lecules lead to the formation of a relatively firm, ionically homogeneous gel. 

Glycosaminoglycans having both -SOa and -NHCOCHa groups, such as the chondroltin sulfates, 
keratan sulfate, and Iceratosulfate, are subject to both deacetylation and desulfation upon addition of bases 
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such as sodium hydroxide. Desutfation and deacetylation of the chondroitin sulfates creates one free amino 
group and one iontcally neutral group (-OH or -CHzOH) per disaccharide. The chondroHin sulfates also have 
one free carboxyl group per dissacharide; therefore, molecules of deacetylated. desulfated chondroitin 
sulfate have a net neutral charge at or around neutral pH. due to the balance of positive and negative 

6 charges within each dlsaccaride. 

As with the chondroitin sulfates, desulfation and deacetylation of keratan sulfate or keratosulfate creates 
one free amino group and one ionically neutral group (•CH2OH) per disaccharide. However, because neither 
keratan sulfate nor keratosulfate contain the balancing carboxyl group, following deacetylation and desul- 
fation. keratan sulfate and keratosulfate each have a net +1 charge per disaccharide at neutral pH (similar 

10 to chitosan 1). Deacetylated, desulfated keratan sulfate or keratosulfate couki therefore be combined with an 
appropriate amount of a negatively charged nonderivatized glycosaminoglycan or collagen derivative to 
form an ionically heterogeneous gel. 

Esterification of Glycosaminoglycans 

fS 

Glycosaminoglycans having free carboxyl (-COOH) groups, such as hyaluronic acid, chondroitin sulfates 
A and C, and heparin, can be esterified by the addition of an alcohol (R-OH) such as methanol, ethanol, 
benzyl alcohol, n-propyl alcohol, n-butyl ak»hol, n-phenyl alcohol, or isopentyl ak»hol. Esterification of 
chondroitin sulfate A Is shown in Reaction Scheme 5. 
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Esterification of Chondroitln Sulfate A 



10 



IS 




IUp««tine unit of ehondrphifi sulfM A 



20 



25 



30 



95 



n[R*OHl 




40 



Esterified chondroitin sulfate A 



Reaction Scheme 5 



45 



50 



Wherein R is CHa-. CHaCHj-. CH3CH2CH2-. (CHafcCH-. (CH3)3C-. or CH3-(CH2)3-. 

Esterified glycosaminoglycans can additionally be deacetylated (e.g., hyaluronic acid) or desulfated 
(e.g.. heparin) by the addition of sodium hydroxide, resulting in a species that has a net 1 charge per 
dlsaccharlde. The positively charged glycosamtnoglycan derivatives can be combined with negatively 
charged species to form ionically heterogeneous gels. 

As shown in Table 1, chondroitin sulfates A and C can be derivatized by all three methods 
(deacetylation, desulfation. and esterification). 



55 
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Table 1 



Derivatization of Glycosaminoglycans by Various Methods 


Compound 


Deacetylation 


Desutfation 


Esterification 


Chitin 


Yes 


No 


No 


Chondroitin sulfate A 


Yes 


Yes 


Yes 


Chondroitin sulfate B 


Yes 


Yes 


No 


ChondroHin sulfate C 


Yes 


Yes 


Yes 


Heparin 


No 


Yes 


Yes 


HyaJuronic acid 


Yes 


No 


Yes 


Keratan sulfate 


Yes 


Yes 


No 


Keratosulfate 


Yes 


Yes 


No 



Reaction Scheme 6 depicts esterification of chondroitin sulfate C by addition of alcohol, followed by 
deacetylation and desulfation by addition of an appropriate amount of sodium hydroxide. 
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Esterificatton, Deacetylation, and DesuHation of ChondroHin Sulfate C 




ItopMting unit of chendroitifi tuHM C 




DtMttytation 

DMulfation ty basic 
liydrolytis with N«OH 




Reaction Scheme 6 



Ionic forms of esterifled, deacetylated. desuHated chondroltin sulfate C are shown below. 
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EsterHied. Deacetylated. DesuWatad ChondroMn Sulfate C at Neutral and Addic pH (pH < 4) 



CHjOH • * 

N OH H NHj i 

• • n 



IS 

EstBrified, Deacetylated, Desuttated Chondroitin Sulfate C at Basic pH (pH > 9) 



20 



25 




30 

As shown above, due to the conversion of the free cart)oxyl group to an ionically neutral -COOR group, 
chondroitin sulfate C which has t>een derivatized l>y all three methods has a net charge of -t-l per 
disaccharide at neutral pH. 

as Preparation of tonically Homogeneous Glycosamlnoglycan Gels 

Preparation of the ionically homogeneous gels of the Invention requires one or more species of 
glycosaminoglycan derivative that has a net neutral charge at neutral pH (balancing negative and positive 
charges within the same molecule). Qlycosaminoglycan derivatives which can be used to prepare the 
40 ionically homogeneous gels of the invention include, tuit are not limited to. the following: 

Deacetylated hyaluronic add 

Deacetyfated, desulfated chondroitin sulfates A and C 

Deacetylated. desulfated dermatan sulfate 

Desulfated heparin 

45 The gel may comprise one or more species selected from, but not limited to. the above list. 

Following deacetylation or desuHation by addition of sodium hydroxide, the glycosaminoglycan deriva- 
tives are generally in an environment having a pH of about 13. The glycosaminoglycan derivatives can be 
maintained at this high pH for storage because the molecules are In ionic form (net negative charge) and. 
thus, the composKion is in a liquid, flowable state. Any ionic interactions t>etween or within the similarty 

50 charged molecules at basic pH are too weak to allow the formation of a stable, ionically crossiinked gel. 

The composition will be maintained in a liquid, flowable state as tong as the pH of the composition is 
maintained above 9. Because the administration of compositions having an acidic or basic pH ceuid result 
In tissue damage, a weak add is generally added to the composition just prior to administration to decrease 
the pH to between 6 and 8.5. At this point the composition can be injected from a relatively fine gauge 

55 needle, such as a needle having a gauge in the range of about 20 to about 32 gauge, which has an inner 
diameter of about 0.90 mm to about 0.23 mm. Accordingly, the derivatized glycosaminoglycan composi- 
tions can be injected into relatively sensitive soft tissue areas, such as areas on the face, including areas 
around the eyes where skin is particularly thin, for the purpose of augmenting the underlying tissue to 




22 



EP0640 647A2 



reduce and/or eliminate fine lines and deeper wrinkles. 

Because the addition of acid will cause k>ntc interactions between the derivatized glycosaminogtycan 
molecules, causing gel formation to begin, care must be taken to add the add within a very short period of 
time (a few minutes) prior to injection to ensure that gel formation occurs within the k)ody and not in the 

6 syringe. The oompcKsition and a solution of weak add can he held in the separate barrels of a double- 
barreled syringe. Upon administration, the glycosaminogtycan derivative will mix with the add arid begin the 
process of pH neutralization and gel fonmation just prior to ttie nnaterial being extruded through ttie needle. 

Following administration to the desired tissue site, as the composition reaches physiok)gica] pH 
(approximately 72 t 0.5), the glycosaminogiycan derivatives will lonically interact with one another to form 

10 a firm gel in situ. 

Preparation of tonically Heterogeneous Glycosaminogiycan Gels 

Preparation of ttie ionically heterogeneous gels of the invention requires two or more spedes of 
IS glycosamlnoglycans. glycosaminogiycan derivatives, or collagen derivatives having opposite charges at 
neutral pH. Charged species are combined with one or more oppositely charged spedes, balandng the 
charges and forming ionically heterogeneous gels. Listed on the following page are examples of spedes 
having a net negative and positive charge, respectivety, at pH 7: 

20 Negatively Charged Spedes (charge per disaccharide where applicable) 

Sodium hyaluronate (-1) 
Keratan sulfate (-1) 
KeratosuHate (-1) 
25 Sodium chondroitin sulfates A and 0 (-2) 
Sodium dermatan sutfate (-2) 
Heparin (-4) 
Succtnylated collagen 

30 Positively Charged Species (charge per disaccharide where applicable) 

Esterified, deacetylated hyaluronic acid ('•-1) 
EsterHied, deacetylated, desuHated chondroitin sulfates A arxl 0 (••'1) 
Deacetylated. desulfated keratan sutfate [*^) 
38 Deacetylated, desutfated keratosulfate ( 1 ) 
Esterified, desuHated heparin (*^) 
Chitosan 1 ( + 1) 
Chitosan2(^2) 
Mettiylated collagen 

40 To fonm tiie Ionically heterogeneous gels of ttie invention, two or more species selected from, but not 
limited to. the above list are combined at a neutral pH. preferably ranging from about 6 to about 8.5. 

The oppositely charged components of the heterogeneous gels must be stored separately to avoid ionic 
interactions and subsequent gel formation. The two species may t>e stored in separate barrels of a double- 
barreled syringe: if more than two species are being used, species having the same charge may be stored 

45 in the same syringe barrel. The oppositely charged species will mix with each other in ttie syringe just prior 
to extrusion from the needle, allowing gel formation to occur in situ.. By preventing get formation from 
beginning until just prior to extrusion, a relatively small gauge needle (approximately 20 to 32 gauge) can 
be used to administer the ionically heterogeneous compositions. 

so tonically Qrosslinked Glycosaminogiycan Gels with Therapeutic Agents 

Compositions may be formulated with various therapeutic agents, such as cytokines, growth factors, 
chemottierapeutic agents, biologies, or antibiotics, by mixing an appropriate amount of the agent into the 
glycosaminogiycan composition, or by incorporating the agent into ttie glycosaminogiycan formulation prior 
55 to gel formation. Cytokines or growtti factors such as TGF-B. are preferably provided at a concentration of 
about 1 ug/mL to atxxit 5 mgAnU while the glycosaminogtycan derivative is preferably added to a final 
concentration providing a 30 to 50-fold molar excess. The relative concentration of chemotherapeutic 
agents, biotogics. or antibiotics included in the glycosaminogiycan formulation must t>e determined for the 
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10 



IS 



specific agent and therapeutic application. 

By forming ttie glycosaminoglycan gel around the therapeutic agent the gel serves as a (tepot for 
localized delivery of the agent Agents existing in ionic forms may further be held in place by ionic 
Interactions with the glycosaminoglycan gel. The ionic bonds of the gel periodically separate and reform 
providing a mechanism for the sustained release of a phamiaceutically active agwit dispersed In the gel. 

Use and Administration 

The ionically crosslinked glycosaminoglycan fomraulations of the present Invention have a variety of 
uses, A primary use is for soft tissue augmentation. The derivatized glycosaminoglycan solution can be 
injected into the dermis at a site in need of cwitour correction, where it will form a gel In situ as the 
composition reaches physiological pH. The composition will remain as a gel due to the ionic Interactions 
between glycosaminoglycan molecules maintained in a neutral pH environment. Further, cytoltines or 
growth factors can be incorporated into the glycosaminoglycan solution prior to injection to aid in 
"anchoring- the Implant In place. Ke.. promoting growth between the Implant and surrounding tissue. The 
cytokines and growth factors may be admixed with the glycosaminoglycan composition and may be linked 
to the glycosaminoglycan molecules via Ionic Interactions. Formation of the glycosaminoglycan gel in situ 
will hold the cytokines or growth factors in place, preventing them from migrating away from the site In 
need of augmentation. While In place, the growth factors and cytokines will serve to attract new cells such 
20 as fibroblasts to the area and incite local cells to produce new collagen for further tissue augmentation. 

The formulations of the invention can also be incorporated into injectable compositions for augmentation 
of sphincters within the body, such as the urinary, anal, or lower esophageal sphincters. As described 
above, the Incorporation of growth factors and cytokines Into the compositions are beneficial in this 
application, as well as for dermal contour correction. 

The glycosaminoglycan gels of the invention have a number of other uses. Because of their lack of 
immunogenicity. the gels are ideal for use in therapeutic applications where immunological reactions or 
blood coagulation are to be avoided, such as in dermal wound healing (to avoid scar formation) and 
cardiovascular applicattons. 

Other uses include ophthalmic applications, such as vitreous gel replacement during cataract surgery, 
or as an injectable drug delivery system or surgical or demral dressing. An injectable drug delivery system 
can be used to deliver a variety of growth factors, drugs, or biologies to localized areas of the body: for 
example, the localized delivery of anti-cancer drugs to the site of a tumor. The gels may also be used as 
scaffolding for cartilage replacement Additionally, the gels could be used in implant fixation In orthopedic 
surgery or dentistry. 
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EXAMPLES 



The folkjwing examples are put forth so as to provide those of ordinary skill in the art with a complete 
disclosure and description of how to make the ionically aosslinked glycosaminoglycan gels of the invention 
and are not intended to limit the scope of the invention. Efforts have been made to ensure accuracy with 
respect to numbers used (e.g., amounts, temperature, molecular weight etc.). but there may be minor 
deviations within experimental enror. Unless indicated othenvise, parts are parts by weight molecular weight 
is average molecular weight, temperature is in degrees Centigrade, and pressure is at or near atmospheric. 

45 Example 1 

Ionically Homogeneous Glycosaminoglycan Gels 

To produce the inoic crosslinked hyaluronic acid gel of the present Invention. 0.79 g of hyaluronic acid 
50 was added to 10 ml of a 0.2 M NaOH solution (pH 13). The resulting hyaluronic acid/ItoOH solution was 
allowed to incubate at 20* C for approximately 2 hours to effect partial deacetylation. 

Sixty (60) ul of 1 M HCI was added to the deacetylated hyaluronic acid to lower the solution pH to 
approximately 6. Immediately upon mixing of the hydrochloric add and (teacetylated hyaluronic add, a firm 
gel was formed. 

55 
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Example 2 

lonicallv Heterpgeneous Glycosaminoglycan Gels 

6 0.3 ml of sodium hyaluronate (1^% w/v in PBS, obtained from UfeCore Biomedical) was mixed with 0.2 
ml of chitosan (fully deacetylated chitin. 2.5% wAf In PBS. obtained from Sigma). Within approximately five 
minutes, a gel had fomrwd at pH 7. 

The reactants are shown In Reaction Scheme 7. below: 
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CHITOSAN 2 




H NHi 
FuNy dMOMylattd chitin 



HYALURONIC ACID 
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Reaction Scheme 7 



Example 3 

50 tonlcally Heterogeneous Glycosaminoglycan * Collagen Gels 

0.79 grams of air-dried collagen was methylated by immersion in 600 ml of dehydrated methanol 
containing 0.1 N HCI for two days at room temperature In a tightly sealed vessel. The resulting methylated 
collagen was dried in a vacuum and suspended in 60 ml of 0.02 M phosphate buffer at pH 11. The pellet 
55 was washed three times with 100 ml of water each, then concentrated to have a final protein concentration 
of 2% (w/v). 

Four (4) milliliters of 20 mg/ml methylated collagen was mixed with 2 ml of 15 mg/ml sodium 
hyaluronate (obtained from UfeCore Biomedical) to form an ionic gel. The melting temperature of the gel 
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was measured using differential scanning calorimetry (DSC) and compared with that of methylated collagen 
alone. Ttie DSC results are shown in Table 1. below. 

DSC is a measure of get statMlHy which is commonly used to evaluate strength of crosslinking. As 
shown below, the melting temperature of the ionic gel was approximately 10 degrees higher than that for 
methylated collagen alone, indicating increased stability of the ionic gel. 

TABLE 1 





Melting Temperature ( * C. by DSC) 


Methylated collagen - hyaluronic add gel 
Methylated collagen 


49.1 
38.6 



The Invention is shown and described herein at what is considered to be the most practical, and 
preferred, emtxxjimerrts. It is recognized, however, that departures may be made therefrom which are within 
the scope of the invention, and that obvious modifications will occur to one skilled in the art upon reading 
this disclosure. 

Claims 

1. An ionically homogeneous gel comprising one or more species of glycosamlnoglycan derivative having 
a net neutral charge within the pH range of between about 6 and about 9. 

2. The gel of claim 1, wherein the glycosaminoglycan derivative contains free carboxyl and annino groups 
capable of ionic interaction. 

3. The gel of claim 1, wherein the glycosaminoglycan derivative is selected from the group consisting of 
deacetylated hyaluronic acid, deacetylated desulfated chondroitin sulfate A. deacetylated desulfated 
dermatan sulfate, deacetylated desulfated chondroitin sulfate C. desulfated heparin, and combinations 
thereof. 

4. The gel of claim 3, wherein the glycosaminoglycan derivative is deacetylated hyaluronic acid. 

5. The gel of claim 1, further comprising a therapeutically effective amount of a pharmaceutically active 
agent selected from the group consisting of a cytolcine, a growth factor, a chemotherapeutic agent, and 
an antibiotic. 

6. An Ionically heterogeneous gel comprising one or more negatively charged species of 
glycosaminoglycan and one or more positively charged species of glycosaminoglycan derivative, 
wherein the negatively charged species and the positively charged species interact to form a gel having 
a net neutral charge within the pH range of between about 6 and about 9. 

7. The gel of claim 6. wherein the negatively charged species of glycosaminoglycan Is selected from the 
group consisting of sodium hyaluronate, keratan sulfate. keratosuHate. sodium chondroitin sulfate A, 
sodium dermatan sulfate B, sodium chondroitin suHate C. heparin, and combinations thereof. 

8. The gel of claim 6. wherein the positively charged species of glycosaminoglycan derivative is selected 
from the group consisting of esterified deacetylated hyaluronic acid, esterrfied deacetylated desulfated 
chondroitin sulfate A. esterified deacetylated desulfated chondroitin sulfate C, deacetylated desulfated 
keratan sulfate, deacetylated desulfated keratosuHate. esterified desulfated heparin, chitosan 1, chitosan 
2. and combinations thereof. 

9. The gel of claim 6, wherein the negatively charged spedes of glycosaminoglycan is sodium 
hyaluronate and the positively charged spedes of glycosaminoglycan derivative is selected from ttie 
group consisting of chitosan 1 and chitosan 2. 

10. The gel of daim 6. hirther comprising a tiierapeutically effective amount of a phanmaceuticaily active 
agent selected from the group consisting of a cytokine, a growth factor, a chemottierapeutic agent, and 
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an antibiotic. 

11. An ionicaily hetarogenoous gel ctmiprising one or more species of glycosamino glycan derivative and 
one or more species of collagen derivative, wherein tt)e gel was formed by reaction of a negatively 

6 charged glycosaminoglycan spedes with a positively charged collagen derivative within the pH range of 
between about 6 and about 9 to form a gel. 

12. The gel of claim 11. wherein the negatively charged species of glycosaminoglycan is selected from the 
group consisting of sodium hyaluronate, keratan sulfate, keratosulfate, sodium chondroitin sulfate A, 

10 sodium dermatan sulfate B, sodium chondroitin sulfate C, heparin, and combinations thereof. 

ia Tlie gel of daim 11. wtierein the positively charged species of coDagen derivative Is mettiytated 
collagen. 

IS 14. The gel of claim 13, wherein tiie negatively charged species of glycosaminoglycan Is sodium 
hyaluronate. 

15. The gel of claim 11, further comprising a therapeutically effective amount of a pharmaceutically active 
agent selected from the group consisting of a cytokine, a growth factor, a chemotherapeutic agent, and 

20 an antibiotic. 

16. An tonlcally heterogeneous gel comprising one or more species of glycosaminoglycan derivative and 
one or more species of collagen derivative, wherein the gel was formed by reaction of a positively 
charged glycosaminoglycan derivative with a negatively charged collagen derivative within the pH 

25 range of k>etween atxMJt 6 and about 9 to form a gel. 

17. The gel of claim 16, wherein the positively charged species of glycosaminoglycan derivative is selected 
from the group consisting of esterified deacetylated hyaluronic add. esterified deacetylated desulfated 
chondroitin sulfate A, esterified deacetylated desulfated chondroitin sulfate C, deacetylated desulfated 

30 keratan sulfate, deacetylated desulfated keratosulfate. esterified desulfated heparin chltosan 1, chHosan 
2. and combinations thereof. 

ia The gel of claim 16. wherein the negatively charged species of collagen derivative is sucdnylated 
collagen. 

35 

19. The gel of claim 18. wherein the positively charged species of glycosaminoglycan derivative is selected 
from the group consisting of chitosan 1 and chitosan 2. 

2a A mettiod of preparing an ionicaily homogeneous glycosaminoglycan gel comprising the steps of: 
40 chemically derivatizing a solution comprising one or more species of glycosaminoglycan to 

produce an ionicaily homogeneous solution of one or more charged species; and 

affecting the pH of the solution so thai the derivatized glycosaminoglycan species ionicaily interact 
to form a gel. 

45 21. The method of claim 20. wherein the glycosaminoglycan is chemically derivatized by a method 
selected from the group consisting of deacetylation, desuHation, and combinations thereof. 

22. The method of daim 21. wherein the chemical derivatization Is effected by combining the 
glycosaminoglycan solution witti a strong basic solution. 

50 

23b The method of claim 22, wtierein the strong tsasic solution comprises a sodium hydroxide solution. 

24. The method of daim 20. wherein tiie glycosaminoglycan is selected from ttie group consisting of 
sodium hyaluronate, sodium ctKMidroitin sulfate A, sodium dermatan sulfate, sodium chondroitin sulfate 

55 C, heparin, and combinations thereof. 

25. A mettiod of preparing an ionicaily heterogeneous gel comprising the steps of: 

providing a first solution comprising one or more negatively charged spedes of glycosaminoglycan 
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or collagen derivativo; 

providing a second solution comprising one or more positively charged species of 
glycosaminoglycan derivative or collagen derivative; 

combining the first solution and ttie second solution; and 
5 allowing the negatively charged species in the first solution and the positively charged species in 

the second solution to ionicaily interact to form a gel having a net neutral charge. 

26. The method of daim 25. wherein the negatively charged species of glycosaminoglycan or 
glycosaminoglycan derivative is selected from the group consisting of sodium hyaiuronate. keratan 

10 sulfate, keratosulfate, sodium chondroitin sulfate A, sodium dermatan sulfate B, sodium chondroitin 
sulfate C, heparin, esterified chondroitin sulfate C, esterified heparin, and combinations thereof. 

27. The method of daim 25. wherein the positively charged spedes of glycosaminoglycan derivative is 
selected from tiie group consisting of esterified deacetylated hyaluronic acid, esterified deacetylated 

fs desulfated chondroitin sulfate A, esterified deacetylated desutfated chondroitin sulfate C, deacetylated 
desulfated keratan sulfate deacetylated desulfated keratosulfate, esterified desulfated heparin, chitosan 
1. chitosan 2. and combinations thereof. 

28. The method of claim 25. wherein the negatively charged spedes of glycosaminoglycan Is sodium 
20 hyaiuronate and the positively charged spedes of glycosaminoglycan derivative is selected from the 

group consisting of chitosan 1 and chitosan 2. 

29. The method of daim 25, wherein the negatively charged spedes of collagen derivative is sucdnylated 
collagen. 

25 

30. The method of daim 29, wherein the positively charged spedes of glycosaminoglycan derivative is 
selected from the group consisting of chitosan 1 and chitosan 2. 

31. The method of claim 25, wherein the positively charged spedes of collagen derivative is methylated 
so collagen. 

32. The method of daim 31, wherein the negatively charged spedes of glycosaminoglycan is sodium 
hyaiuronate. 

35 33. A method of augmenting soft tissue in a mammal, comprising: 

injecting into a site in need of augmentation a liquid composition comprising one or more spedes 
of glycosaminoglycan derivative which exhibits both positive and negative charges at a pH wfthin a 
range from about 6 to about 8.5; and 

permitting tiie liquid composition to form a gel in situ by adjustment of the liquid composition pH 
40 to witiiin the pH range from about 6 to about 8.5. 

34. The method of daim 33, vvherein the glycosaminoglycan derivative is selected from tiie group 
consisting of deacetylated hyaluronic acid, deacetylated desulfated chondroitin sulfates A, deacetylated 
desulfated dermatan sulfate, deacetylated desulfated dwndroitin sulfate C, desulfated heparin, and 

45 combinations ttierecf . 

35. The method of daim 33. wherein the glycosaminoglycan derivative is deacetylated hyaluronic acid. 

36. A method d augmenting soft tissue in a meal comprising: 

50 injecting to a site in need of augmentation a liquid composition comprising one or more negatively 

charged species of glycosaminoglycan, glycosaminoglycan derivative or collagen derivative, and one or 
more positively charged species of glycosaminoglycan derivative or collagen derivative; and 

allowing ttie negatively charged species and the positively charged species to ionicaily interact to 
form a gel in situ, 

55 

37. The method of daim 36. wherein tiie negatively charged spedes of glycosaminoglycan or 
glycosaminoglycan derivative is selected from tiie group consisting of sodium hyaiuronate. keratan 
sulfate, keratosulfate, sodium chondroitin sulfate A. sodium dennatan sulfate B, sodium chondroitin 
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sulfate C, heparin, esterified ctondroitin sulfate C. esterffied heparin, and combinations thereof. 

3a The method of claim 36, wherein the positively charged species of glycosaminoglycan derivative Is 
selected from ttie group consisting of esterified deacetyiated hyaluronic acid, esterified deacetytated 
6 desuHated chondroitin sulfate A. esterified deacetyiated desulfated diondroitin sulfate C. deacetyiated 
desulfeted keratan sulfate, deacetyiated desulfated keratosuHate. esterified desulfated heparin, chitosan 
1. chitosan 2, and combinations thereof. 

39. The method of claim 36. wherein the negatively charged species of glycosaminoglycan is sodium 
ro hyaluronate and the positively charged species of glycosaminoglycan derivath^ is selected from the 

group consisting of chitosan 1 and chitosan 2. 

40. The method of daim 36. wherein the negatively charged species of collagen derivative is sucdnylated 
collagen. 

fS 

41. The method of claim 40. wherein the positively charged species of glycosaminoglycan derivative is 
selected from the group consisting of chitosan 1 and chitosan 2. 

42. The method of claim 36. wherein the positively charged species of collagen derivative is methylated 
20 collagen. 

43. The method of daim 42, wherein the negatively charged species of glycosaminoglycan is sodium 
hyaluronate. 

25 44. A mettiod for administering a pharmaceutically active agent to a mammal comprising: 

injecting a liquid composition comprising one or more species of glycosaminoglycan derivative, 
which exhibits both positive and negath^e charges at a pH wtthin a range from about 6 to about 8.5, in 
admixture with a therapeutically effective amount of a pharmaceutically active agent; and 

permitting ttie Tiquid composition to fonn a gel !n situ by adjustment of the liquid composition pH 
30 to witttin the pH range from about 6 to about 8.5. 

45. The method of claim 44. wherein the glycosaminoglycan derivative is selected from the group 
consisting of deacetyiated hyaluronic acid, deacetyiated desulfated chondroitin sulfates A. deacetyiated 
desulfated dermatan sulfate, deacetyiated desulfated chondroitin sulfate C. desulfated heparin, and 
98 combinations thereof. 

4& The method of claim 44. wherein the glycosaminoglycan derivative is deacetyiated hyaluronic add. 

47. The meti)od of claim 44, wherein the phanmaceutically active agent is selected from the group 
40 consisting of a cytokine, a growth factor, a chemotherapeutic agent, and an antibiotic. 

4& A metttod for administering a pharmaceufa'cally active agent to a mammal comprising: 

injecting a liquid composition comprising one or more negatively charged species of 
glycosaminoglycan. glycosaminoglycan derivative or collagen derivative, and one or more positively 
45 charged species o1 glycosaminoglycan derivative or collagen derivative. In admixture witti a 
therapeutically effective amount of a pharmaceutically active agent; and 

permitting the lk)uid composition to form a gel /n situ by adjustinent of the liquid pH to within ttie 
pH range from aboin 6 to atx>ut 8.5. 

50 49. The mettiod of daim 48. wherein the negatively charged species of glycosaminoglycan or 
glycosaminoglycan derivative is selected from the group consisting of sodium hyaluronate. keratan 
sulfate, keratosulfate. sodium chondroitin sulfate A. sodium demnatan sulfate B, sodium chondrdtin 
sulfate C. heparin, esterified chondroitin sulfate C. esterified heparin, and combinations thereof. 

55 50. The mettiod of claim 48, wherein the positively charged species of glycosaminoglycan derivative Is 
selected from tfie group consisting of esterified deacetyiated hyaluronic acid, esterified deacetyiated 
desulfated chondrdtin sulfate A, esterified deacetyiated desulfated chondroitin sulfate C. deacetyiated 
desulfated keratan sulfate, deacetyiated desulfated keratosulfate. esterified desulfated heparin, chitosan 
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1, chitosan 2, and combinations thereof. 

51. The method of daim 48. wherein the negatively charged species of glycosaminogJycan is sodium 
hyaluronate and the positively charged spedes of glycosaminoglycan derivative is selected from the 

5 group consisting of chitosan 1 and chitosan 2. 

52. The method of daim 48, wherein the negatively charged species of collagen derivative Is socdnylaied 
collagen. 

TO 53. The method of daim 52, wherein the positively charged spedes of glycosaminoglycan derivative is 
selected from ttte group consisting of chitosan 1 and chitosan 2. 

54. The method of daim 48. wherein the positively charged species of collagen derivative is methylated 
collagen. 

IS . 

55. The method of daim 54. wherein the negatively charged spedes of glycosaminoglycan is sodium 

hyaluronate. 

56. The method of claim 55. wherein the pharmaceutically active agent is selected from tiie group 
20 consisting of a cytokine, a growth factor, a chemotherapeutic agent, aiwl an antibiotic. 
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